INSTRUCTION
A series of energy and environment problems such as global warming, fossil energy gradually dry up and more and more serious environmental pollution etc have become serious threat for human to survive and develop in the world. Looking for alternatives to fossil fuels to renewable green energy has become the key to solve these problems. Widely use of wind and solar energy is an effective way, but the source of the wind and solar power is not stable. Efficient, practical, green, low carbon of energy storage has high attention by the countries all over the world. With high energy density and high power density is an important index to be widely used. The lithium-based rechargeable batteries with high hopes have become widely used in the new energy storage. The gradual marketization of hybrid and electric cars and the rapid development of various portable electric devices need power storage system to be efficient and practical [1] . Lithium is the lightest, most negative and the highest energy density of all metals and the theoretical capacity is up to 3860 mAh/g. It has been hoped to develop a high energy density chemical power source using lithium as the electrode material. Since the 1970s, lithium as negative electrode of the battery system has developed rapidly. But due to the lithium anode in electrochemical reaction easily producing the dendrite, batteries cloud not be reused. Application was very limited at that time. At the beginning of the 1980s, lithium in compound layer was used as anode of lithium rechargeable battery. Lithium ion battery based on de block reaction of lithium ion got commercialization and rapid development. It became the leading product of rechargeable battery. The lithium-based rechargeable batteries based on the reaction of lithium conversion such as higher energy density of lithium sulfur batteries and lithium air batteries, have also become a research hotspot in recent years, and are expected to become the future mainstream energy storage device [2] . Excellent energy storage material is the core part of the energy storage system. The carbonaceous material with special structure has been an important member of the big family of energy storage materials, especially graphene that found in 2004. It has a large specific surface area (2630 m 2 /g), high electrical conductivity, excellent mechanical properties, quantum Hall effect in room temperature and nice ferromagnetism. It is the best conductivity of the known material at present. In 2004, Geim etc [3] [4] group successfully prepared graphene by mechanical exfoliation and revealed its peculiar electrical properties, and then a series of peculiar physical properties were discovered. Graphene is a new two-dimensional atomic crystal composed of a single atomic layer connected by the carbon atoms with sp 2 hybridization. The basic structural element is the most stable hexatomic ring in organic materials. Theoretical thickness is only 0.34 nm. This has been the thinnest two-dimensional material so far. Fragments of the graphene structure curled obtain fullerene, carbon nanotubes, or stacked form graphite. Therefore graphene is considered to construct the basic structural element of carbonaceous materials including fullerenes, carbon nanotubes and graphite. The structure of graphene is shown in Figure 1 . It can build almost all of the sp 2
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hybridized carbonaceous materials. 
APPLICATIONS IN LITHIUM-ION BATTERIES
Applications in negative electrode for lithium-ion batteries
Graphite materials are the most successful anode materials used in lithium-ion batteries. Graphene as a single layer graphite has been widely studied. Wang etc [5] considered the lithium storage mechanism is similar to that of hard carbon materials. The lithium ion can be adsorbed on both sides of the film layer. Others [6] believed that the specific capacity of graphene sheets is related to the structure of the formation. The layer of 0.77~0.83nm is formed by random stacking. Lithium storage capacity is more than two times of theoretical capacity of graphite. Although its lithium storage mechanism has not been finalized, but the ability to store lithium closely related to its structure is no doubt. Preparation methods and the effects of factors on the properties of graphene materials are discussed below.
At present, the main preparation methods of graphene are micromechanical exfoliation, chemical vapour deposition, epitaxial growth, the reduction of graphene oxide (GO) solution, and organic synthesis [7] . Micromechanical exfoliation (shown as Fig.2 ) and chemical vapour depositon can get a good micro topography of the monolayer graphene. However, the preparation method is complex and can only get a small amount of graphene. They are not suitable for large scale production and applications of graphene. Epitaxial growth can prepare a single layer or multilayer of graphene according to different conditions. But the disadvantage is that the temperature of the reaction is more stringent requirements. It is more difficult to
Toxic hydrazine as a reducing agent is harmful to the environment. Researchers are also constantly improving the various methods, or exploring new methods to produce a better quality and suitable for industrial production of graphene. Due to the microstructure, composite materials prepared by introducing metal oxide nano particles onto the surface of graphene, have excellent chemical properties: (1) the metal oxide is fixed on the graphene sheet to prevent agglomeration and accumulation. Increase the surface area of the graphene sheets. As a result, the composites have better electrochemical properties. (2) graphene sheets supported metal oxide, helping nucleation of nanoparticles to grow up and evenly dispersed on the surface of graphene sheets sheets metal oxide layer to induce the nanoparticles into a core, grow up and evenly dispersed in the surface of the graphene sheet, so as to control the morphology of the metal oxide on its surface. When the composite material is used as the negative electrode material of the lithium ion batteries, its two-dimensional super high specific surface area and excellent transmission electronic properties improve conductive capacity of metal oxide and the ability of lithium ion transport and diffusion, so as to improve the charge and discharge performance of Lithium-ion batteries.
Applications in positive electrode for the lithium-ion batteries
In terms of the lithium-ion battery system, the conductivity of the cathode material is an important factor to limit the performance of the battery. At present, the common cathode materials are almost all semiconductor materials. The Electrical conductivity is generally 10 -1 ~10 -6 S/cm [8] . The conductivity of LiFePO 4 is as low as 10 -10~1 0 -9 S/cm. Therefore various sp 2 carbonaceous materials are used as conductive additives in the anode system. Conductive agent itself does not have capacity. Too much added weight can seriously reduce the battery energy density, and increase the cost of the battery, even bring from the discharge and the use of life reduction and other issues. The actual capacity of many cathode materials is much lower than the theoretical capacity, especially in the large current charging and discharging, the specific capacity of the cathode material is decreased rapidly. The addition of electronic conductivity of graphene reduces the interface resistance between the electrode active material and the electrolyte. This is favorable for the conduction of Li + . The dissolution and phase transition of metal oxide are suppressed by the graphite sheet layer coated on the electrode material. The structure of the electrode material is stable during the charge discharge process. So it is very important to develop a new type of conductive additive with high conductivity, reduce the amount of the additive in the electrode and optimize the performance of the battery, especially the high power characteristics.
APPLICATIONS IN LITHIUM-ION BATTERIES
Energy density of lithium-sulfur battery is up to 2600 Wh/kg [9] . This is greater than the current commercial lithium-ion battery. It can meet the application needs of a variety of occasions, in line with the requirements of electric vehicles on the battery, but also in line with the requirements of portable electronic products. Sulfur is non-toxic, environmentally friendly, low price and so on. It has attracted much attention as the cathode material. The lithium-sulfur battery has become the research hotspot in the world. But sulfur has poor conductivity. Reaction will produce poly sulfide. It is easy to dissolve in organic electrolyte in the process of charging and discharging, leading to the inevitable loss of active material in the cycle. The stability of the electrode structure is destroyed, so that the cycle life of the electrode is not satisfactory. In order to achieve the goal of lithium sulfur battery application, on the one hand people should improve the conductivity of the cathode material; on the other hand control the attenuation of the material capacity and improve the cycle performance of the battery [10] . The researchers [11] found that the addition of graphene can improve the low conductivity, the volume expansion and the loss of the polymer of the lithium sulfur battery. Graphene can be effectively immobilized sulfur to reduce the shuttle effect. In large current discharge, graphene can provide a buffer for the expansion of the volume of the electrode, so as to enhance the cycle efficiency of lithium sulfur battery and large current discharge performance.
According to the different applications, the structure of graphene can be divided into two parts: the matrix structure and the layer structure. In the matrix structure, the graphene has good conductivity and flexibility, so it is used as the conductive framework, such as the layer, fiber, retina and so on.
The membrane structure is mainly used in the pore characteristics of the two dimensional structure of graphene. It is used to limit the diffusion of multi sulfide. According to the different structure of the graphene, it can be divided into graphene structure, graphene oxide structure and surface modified graphene structure. The oxygen containing functional groups on the surface of graphene oxide have a good adsorption effect on the multi-sulfur ions. It can increase the cycle ability of the cell. Surface modification of graphene is a different research of graphene, in the surface doping or the introduction of useful functional groups. This does not change the conductivity of graphene and other physical properties. Then it combines with sulfur and applies in the battery.
By the method of sulfur liquid infiltration, Luo Bin etc [12] synthesized a kind of composite cathode material with three-dimensional network. Graphene is generated first in nickel metal template for chemical vapor deposition by researchers. Then corrode the nickel template with FeCl 3 solution. As a result, they obtained free-standing graphene foam. Finally the liquid sulfur on the surface filtered into anode material. From the structure of SEM (see Figure 3 ), graphene has a neat three-dimensional foam structure, and the surface is coated with sulfur layer, forming a three-dimensional conductive network, which is very conducive to the transmission of electrons. The research [13] shows that the graphite foam as the cathode material of lithium sulfur battery has excellent performance. The reason lies in the graphene foam can provide a continuous three-dimensional network structure, and improve the conductivity of the material.
It can be loaded with high concentration of sulfur ions and a large reaction surface area, resulting in excellent electrochemical performance. Because of the advantages of light weight, good flexibility and high conductivity, the graphite foam is in line with the needs of the battery materials in the future. With the further research, its application prospect will be very broad.
CONCLUSION
Although people have obtained some achievements in the research of graphene for battery materials, there is still a large distance from the commercialization of the battery. In the future, the focus of research may be on the following aspects.
(1). Explore simple methods to produce high quality graphene. Make sure the graphene in the material has good electrochemical properties. There is still a lack of a method to prepare high quality single layer graphene at low cost.
(2). Study on new methods of application of graphene in battery cathode materials. Give full play to the unique properties of graphene. By adjusting the structure of graphene, the potential of graphene can be further excavated. To improve the electrochemical performance of graphene is also the direction of future research.
(3). Study on the progress of various composite materials. Search new methods for the application of graphene. Combine the graphene with other materials. Make up for each other's deficiencies through the synergy between different materials. Maximize the excellent performance of the composite material. Prepare battery material with better electrochemical performance.
